The TMT first light Adaptive Optics (AO) facility consists of the Narrow Field Infra-Red AO System (NFIRAOS), the associated Laser Guide Star Facility (LGSF) and the AO Executive Software (AOESW). NFIRAOS is a 60 x 60 laser guide star (LGS) multi-conjugate AO (MCAO) system, which provides uniform, diffraction-limited performance in the J, H, and K bands over 17-34 arc sec diameter fields with 50 per cent sky coverage at the galactic pole, as required to support the TMT science cases. NFIRAOS includes two deformable mirrors, six laser guide star wavefront sensors, one high order Pyramid WFS for natural guide star AO, up to three low-order, IR, natural guide star on-instrument wavefront sensors (OIWFS) within each client instrument, and up to four guide windows on the science detectors (ODGW). The first light LGSF system includes six sodium lasers required to generate the NFIRAOS laser guide stars. In this paper, we will provide an update on the progress in designing, prototyping, fabricating and modeling the TMT first light AO systems and their components over the last two years. We will also report on a conceptual design study for an Adaptive Secondary Mirror for TMT.
INTRODUCTION
The first light Adaptive Optics (AO) architecture for the TMT [1] has been defined to provide near-diffraction-limited wavefront quality and high sky coverage in the near infra-red (IR) for the first TMT science instruments IRIS (InfraRed Imaging Spectrograph) [5] and IRMS (InfraRed Multislit Spectrometer). It is a Laser Guide Star (LGS) Multi Conjugate AO (MCAO) architecture consisting of (i) the Narrow Field IR AO System (NFIRAOS), which feeds up to three science instrument ports after sensing and correcting for wavefront aberrations introduced by the atmospheric turbulence and the telescope itself, (ii) the Laser Guide Star Facility (LGSF), which generates multiple LGS in the mesospheric sodium layer with the brightness, beam quality and asterism geometry required by both NFIRAOS and later the second generation of TMT AO systems, and (iii) the Adaptive Optics Sequencer of the AO Executive Software, which automatically coordinates the operations of the AO systems with the remainder of the observatory for safe and efficient observations.
Significant progresses have been made in designing, modeling and prototyping these systems and their AO components over the last two years. The NFIRAOS design has reached final design level and the first milestone for the NFIRAOS final design review is scheduled end of June 2018. The NFIRAOS real time controller, also developed by the NFIRAOS team, has already successfully passed its final design review in December 2017. The LGSF preliminary design work is progressing. Major simplifications of the LGSF top end have been performed to reduce complexity and improve access of the components. The interface between the LGSF and the telescope structure has been finalized.
Some of the AO Executive Software components have successfully passed preliminary design. Major progresses have been made in defining the observation sequences and associated timing requirements as well as in developing the Point Spread Function Reconstructor algorithms. In the area of AO components, the deformable mirrors, the visible detectors and associated readout electronics have successfully completed their final designs. The visible detectors are being fabricated and prototypes of the visible detectors readout electronics are being tested. Prototypes of the deformable mirrors are b the low-orde Toptica/MPB Extensive wo systems, AO Several AO m detailing the supporting a instruments.
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The AO Exe the AO syste A fully automated AO Sequencer is required due to the complexity of the interactions between AO systems and the TMT requirement for high observing efficiency. This software system will be central to performing AO-assisted observations. It will perform the control and monitoring of the NFIRAOS sub-systems, LGSF sub-systems, On-Instrument WFSs and On Detector Guide Windows of the NFIRAOS instruments. The AO Sequencer components will be dynamically created and composed to execute the startup, test, calibration, observation and shutdown sequences. The observation sequences also include sub-sequences for acquisition, nodding and dithering, non-sideral object tracking, calibration and recovery after a laser safety event or AO/telescope fault.
Since the SPIE Conference in 2016, the TMT AO team has focused on the following activities:
• Successfully completing the preliminary design work of the Reconstructor Parameter Generator (RPG). The most demanding task of the RPG is to compute and transfer the high order control matrix for the LGS reconstruction to the NFIRAOS real time controller every 10 seconds as the atmospheric turbulence parameters change. The high order control matrix is computed using Fourier Domain Pre-Conditioned Gradient (FDPCG) and requires high performance server based computer using a combination of CPUs and GPUs. Interface to the RTC is done via a dedicated 10GbE link.
• Modeling the different sequences and in particular the acquisition sequences with the goal to optimize and define the timing requirements. The sequences have been captured using probabilistic flows and modeled using activity and state machine diagrams in the Systems Modeling Language (SysML). Different scenarios have been run in a Monte Carlo statistical sense and have helped define the timing requirements of the different components to meet the TMT overall acquisition timing requirement (5 minutes between observation using the same instrument).
• Continuing to develop the PSF Reconstruction algorithms [7] . Since the last SPIE conference, the work has focused on developing the NGS and LGS AO and MCAO algorithms. A total of 4 algorithms have been tested on simulated telemetry data and actual laboratory telemetry data. The actuator telemetry based algorithm seems the most promising and meets TMT requirements. This algorithm has been extended to tomographic PSF Reconstruction and first results obtained for the LGS MCAO algorithms show PSF profile errors on the order of 6% in J band and 2% in K band over the IRIS field of view. More accurate modeling of the different error terms could in principle further reduce this error.
FIRST LIGHT AO COMPONENT DEVELOPMENT

Deformable Mirrors
The requirements for the NFIRAOS DMs includes two mirrors of order 63x63 and 76x76 with a 5mm inter-actuator spacing, 10μm of stroke after flattening, 15% hysteresis, less than 2% per time decade creep and an operating temperature of -30°C.
TMT is currently funding two competitive studies with AOA Xinetics (AOX) and CILAS to develop the final designs of the NFIRAOS DMs, and to fabricate new prototypes to be delivered to the NRC Herzberg for testing during the second part of 2018. Both AOX and CILAS have successfully completed the final design of the NFIRAOS DMs and their proposed prototypes. Both contracts are progressing well. CILAS has successfully completed the manufacturing and testing of a 616-actuators DM prototype [8] . AOX is in process of completing the manufacturing of a full-scale prototype only populated with 597 actuators. The next steps include further tests at NRC of both prototypes [9] and selection of the DM vendor for the NFIRAOS DMs.
High-order LGS and NGS Wavefront Sensing
For the six NFIRAOS 60x60 LGS WFS, TMT will use the polar coordinate CCDs designed specifically for elongated laser guide star images. The polar coordinate CCD reduces the pixel count and total readout rate by roughly a factor of three in comparison to a standard CCD with a conventional rectangular geometry. The requirements for such a detector for TMT include sub-aperture sizes varying from 6x6 pixels at the center of the array to 6x15 pixels at the edge, a quantum efficiency of 90%, and ~3 electrons read noise at a frame rate of 800Hz. The ARC/Qu has also deve grade NGS W engineering g link have bee will require f and NGS vis 
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The requirem low-order O wavefront corrector actuator commands (requiring to solve a 35k x 8k control problem at 800Hz), and real-time optimization of the algorithms for these processes as atmospheric and observing conditions change. The RTC also acquires wavefront corrector and wavefront sensor telemetry data in order to estimate the science Point Spread Function (PSF) for image post-processing.
The NRC-Herzberg team has successfully completed the final design of the NFIRAOS Real Time Controller [4] . The system architecture is based upon commercial CPU server hardware with a classical Matrix Vector Multiply (MVM) control algorithm (see Figure 11) . The NFIRAOS Real Time Controller resides in the computer room and connection to and from the AO components is done via dedicated 10/40 Gb Ethernet switches. Figure 11 : The RTC includes a total of twelve servers with one server per LGS WFS, one server dedicated to wavefront corrector control, one server dedicated to telemetry engineering display, two servers dedicated to real time telemetry storage, a test server and a spare server. Each High Order Processing (HOP) server currently includes quad socket high end Intel Xeon CPUs. The connection between the servers, to and from the AO components and other systems is performed through a 10/40Gb Ethernet switch with 32 ports.
Lasers
The TMT first light Laser Guide Star Facility will utilize six 25W sodium guide star lasers (20W with the D 2 a/D 2 b repumping option) with high beam quality, high coupling efficiency, high reliability, and a design compatible with a variable gravity vector orientation and the harsh environment of an astronomical observatory.
TMT intends to use Toptica/MPBC lasers. The Toptica/MPBC laser is a Raman Fiber laser which produces the 589 nm beam using second harmonic generation (SHG) conversion of a 1178nm laser. The Toptica/MPBC laser meets the TMT performance and engineering requirements and has been successfully commissioned at the ESO VLT with the 4LGSF system, and at Keck with the Keck II NGL system.
Since the last SPIE conference, TMT has developed the interfaces to this laser and a cooling system concept for up to eight Toptica/MPBC lasers. The cooling system will be mounted on the laser platform and will include a heat exchanger and a heater, which will be used to warm the laser electronics during the day and maintain the proper operating temperature during the night using the waste heat generated by the lasers while they are lasing (see Figure 12 ). the area of AO system engineering and modeling to better define and consolidate our design and interface requirements. Finally, TMT has launched a conceptual design study for an adaptive secondary mirror to support future generations of TMT instruments.
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